 Detailed stratigraphic record of the Paleocene-Eocene thermal maximum in shallow marine environment of the northern Indian margin, eastern Tethys ocean  Two scenarios may be envisaged for the major origin of Paleocene/Eocene disconformity: tectonic or climatic control This study presents a detailed stratigraphic record of the Paleocene-Eocene Thermal 13 
Shallow Benthic Zone 6 above the conglomerate. Depositional facies also change across this 21 surface; below the disconformity, floatstones and packstones containing nummulitid forams 22 record progressive transgression in an open-marine environment, whereas restricted or lagoonal 23 inner-ramp deposits containing Alveolina and Orbitolites are typical above the disconformity. The 24 prominent negative excursion observed in the δ 13 C of whole-rock carbonate (-1.0‰ at Zongpu, 25 -2.4‰ at Zengbudong) and organic matter (-24 .7‰, at Zengbudong) is correlated to the 26 characteristic PETM carbon isotope excursion. This major negative excursion in shallow-marine 27 carbonates may have partly resulted from syndepositional alteration of organic matter. The erosional 28 unconformity can be constrained to the lower PETM interval (between 56 and 55.5 Ma), and is 29 identifiable throughout the Tethyan Himalaya. This widespread disconformity is attributable to 30 tectonic uplift associated with the southward migration of an orogenic wave, originated 3±1 Ma 31 earlier in the middle Paleocene at the first site of India-Asia continent-continent collision. A 32 possible eustatic component of the pre-PETM sea-level fall, which resulted in the excavation of 33
Introduction 39
The Paleocene-Eocene Thermal Maximum (PETM) was a geologically brief (~ 170-200 based on larger benthic foraminifera, coupled with precise carbon isotope chemostratigraphy, 69 allows us to place firm constraints on the stratigraphic and environmental evolution of the Indian 70 margin during the very first stages of the India-Asia collision, a period that spans the critical 71 interval of the PETM. 72
Geologic setting and lithostratigraphy 73
The Tethyan Himalaya, situated between the Greater Himalaya to the south and the 74
Microfacies analysis was carried out on 550 thin sections from the Zongpu section and 80 106 thin sections from the Zengbudong section using transmitted-light microscopy. This allowed us to 107 make semiquantitative estimates of the main sedimentary components, as well as observe primary 108 textural and diagenetic features, identify microfossils (with a special emphasis on larger benthic 109 foraminifera), and interpret of depositional settings. Samples for isotope measurements were 110 collected with an average spacing of 1 m, reduced to ~0.4 m across the Paleocene-Eocene 111 boundary. Biostratigraphic correlations were based on the distribution of larger benthic 112 foraminifera (identification based on Hottinger, 1960; BouDagher-Fadel, 2008 ). We used the 113
Tethyan Shallow Benthic Zonation established by BouDagher-Fadel (2008 , 2015 . These shallow 114 benthic biozones can be correlated with the well-established ranges of planktonic foraminifera 115 (BouDagher-Fadel, 2013), in order to assign biostratigraphic ages to different intervals. 116
Carbon and oxygen isotopes 117
To assemble a detailed chemostratigraphic record of the studied sections, we analyzed 118 coarse-grained, nummulitid-bearings wackestones and packstones derived from the coeval (or 149 slightly older) Thanetian limestones of member 3 (Fig. 3B) . The poor sorting, homogeneous 150 character of the clasts, and presence of some angular fragments suggests a local source area, and 151 possibly rapid transport and deposition. The occurrence of rounded clasts does imply some 152 transport in a channel system, but not to the same degree that would be inferred from rounded 153 silicate clasts, since limestone pebbles are rounded quite easily by mechanical abrasion (Kuenen, 154 1964; Mills, 1979) . The lenticular bedding and erosive contact with underlying strata both indicate 155 deposition by bedload traction in a high energy, channelized flow. The thicker, more laterally 156 continuous conglomerate units are interpreted to have been deposited in an incised channel, within 157 a braided channel system (Wang et al., 2010; Li et al., 2015) . 158
Above the conglomerate bed, the base of member 4 consists mainly of restricted to lagoonal 159 inner-ramp deposits, characterized by Alveolina and Orbitolites. These transition up-section into 160 shallow-marine deposits, and finally open-marine floatstones with Nummulites and Alveolina, 161 deposited below wave base in a middle ramp environment (Fig. 3A) . 162
Biostratigraphy 163
The biostratigraphy of the Upper Cretaceous to lower Paleogene shallow-water succession of 164 the Tibetan Himalaya is described in detail in BouDagher-Fadel et al. (2015) , which correlated the 165 planktonic foraminiferal zones of BouDagher-Fadel (2013) and the shallow benthic foraminiferal 166 zones of the Paleogene into a comprehensive new Tibetan biozonation scheme (Fig. 4) . Here we 167 focus on: 1) the stratigraphic interval spanning the Paleocene-Eocene boundary, and 2) theIn both studied sections, the boundary between SBZ3 and SBZ4 (or TP2 and TP3) is defined 170 by the first appearance of Aberisphaera gambanica. Within SBZ4/TP3, Lockhartia conditi, 171
Lockhartia haimei, Lockhartia cushmani, Daviesina langhami (Fig. 5A) , Orbitosiphon 172 punjabensis (Fig. 5B) , Ranikothalia sindensis ( Fig. 5C-a) , Orbitosiphon praepunjabensis (Fig.  173 5C-b), Miscellanea juliettae (Fig. 5D ), Lockhartia roeae ( Fig. 5C-d) and Miscellanea yvettae (Fig.  174   5E ) are common. The first appearance of Alveolina pasticillata and Alveolina ellipsoidalis (Fig.  175 5F-b) marks the base of TP5 (within the lower part of SBZ6), corresponding to the base of the 176
Ypresian. This subzone is dominated by Orbitolites complanatus (Fig. 5F-a and Alveolina ellipsoidalis in SBZ 6 (Fig. 3, Fig. 5G ). 184
Stable carbon isotope stratigraphy 185
Stable carbon isotope values are plotted stratigraphically in Fig. 6 for the Zongpu section and 186 The organic carbon isotope values measured across the Paleocene-Eocene boundary in the 197 Zengbudong section display a trend similar to the whole-rock carbonate record. In the upper part 198 of member 3, δ 13 C org ranges from -22.1‰ to -21.6‰, with an average value of -21.8‰ (Fig. 7) . 199
An abrupt negative excursion, with a magnitude of 3‰, occurs at the base of member 4 (-24.6‰),. 200 (Fig. 8B) . 
Completeness of the PETM record in southern Tibet 243
The onset of the CIE and its shape are considered to be the most reliable correlation tools for 244 The discontinuity of the sedimentary record is highlighted by the abruptness of the isotopic 259 excursion. In southern Tibet, the negative δ 13 C carb and δ 13 C org excursions are extremely sharp (from 260 2.5 to -2.0‰ and from -21.6 to -24.6‰, respectively), consistent with the presence of a hiatus. 261
The base of the Eocene in the Gamba area also shows a sudden change from open marine to 262 restricted-lagoonal environments. Both δ 13 C carb and δ
13
C org values remain consistent or increase 263 slightly immediately below the conglomerate bed, implying that the onset of the CIE is not 264 recorded in these strata. The 4 to 7 m thick interval with consistently low δ 13 C carb and δ 13 C org values 265 (i.e., the CIE) is followed by a gradual return to pre-excursion values (Figs. 6, 7, 9), suggesting that 266 while the onset of the PETM is truncated by erosion, the stratigraphic record of the upper PETM 267 interval is expanded and continuous. 268
Comparison between southern Tibet and other marine successions 269
Constraining the magnitude of the CIE is critical to evaluating its potential causes (Higgins 270 and Schrag, 2006) and understanding the sensitivity of the climate system to the associated 271 greenhouse gas forcing. Measurements vary widely, ranging from 2‰ to 4.5‰ in marine 272 carbonates depending on the studied location and substrate (Giusberti et al. The origin of the Paleocene-Eocene boundary unconformity in the Tethyan Himalaya is 314 discussed below, in relation to: 1) tectonic uplift of the Zongpu carbonate platform, and 2) 315 climate-driven incision and erosion prior to the PETM. 316
Tectonic uplift of the Zongpu platform
Indian passive margin was tectonically uplifted by southward migration of an orogenic wave that 319 initiated at the Trans-Himalayan Trench during the onset of the collision between India and Asia. 320
In depositional settings from the outer Indian margin, exposed in the Zanskar Range, pelagic 321 outer-shelf sediments yielding planktonic foraminifera of Thanetian age are unconformably 322 overlain by peritidal dolostones and nummulitid-rich calcarenite shoals of early Ypresian age. 323
Channelized quartz-rich sandstone beds are reported to occur during the same interval in the inner 324
Zanskar margin (Nicora et al., 1987), whereas debris-flow conglomerates containing limestone 325 pebbles of Cretaceous to latest Paleocene age occur in the most distal part of the Indian margin 326 (Fuchs and Willems, 1990) . 327
In the Gamba sections of southern Tibet, the unusually low carbon isotope values of 328 conglomerate clasts (δ 13 C as negative as -6 ‰ PDB; The tectonic and eustatic components of base-level change cannot be easily distinguished in 373 the stratigraphic record, and we are unable to deconvolve their relative contributions to the 374 formation of the Paleocene-Eocene disconformity. The unique features of the conglomerate bed, 375 which has no equivalent in the underlying Paleocene succession, point to a single specific event 376
driving subaerial exposure and erosion. Tectonic activity was certainly underway during these 377 earliest stages of the India-Asia collision, and therefore tectonic reduction of accomodation space 378 remains a viable explanation. This is especially true of the disconformity in the Zanskar region, 379 which separates pelagic marly limestones below from peritidal carbonates above, suggesting a 380 drastic relative sea-level fall of at least 100 meters. Glacio-eustasy is a mechanism capable of 381 driving large and rapid fluctuations in sea-level, but can be ruled out due to the extremely warm (Wendler and Wendler, 2015 ) has yet to be proven as a workable alternative mechanism. However, 384
we have no evidence to rule out a climatically-driven eustatic component, and further work is 385 needed to better understand the possibly superimposed processes that drove deep incision and 386 erosion along the inner margin of the Tethyan Himalaya prior to the PETM. 387
Conclusions 388
This study reports a detailed stratigraphic record of the Paleocene-Eocene Thermal 389
Maximum from the Tethyan Himalaya. The succession is truncated by a major disconformity 390 around the Paleocene-Eocene boundary, marked by a conglomerate bed now identified in both the 391
Gamba and Tingri areas of southern Tibet. As a result of this unconformity, only the upper part of 392 the PETM interval is preserved. By coupling sedimentological, biostratigraphic, and geochemical 393 data, we were able to reconstruct in detail the sedimentary and tectonic evolution of the southern 394
Indian margin during the earliest stages of the India-Asia collision. Our results allows us to 395 conclude that: 396
1) The Paleocene-Eocene unconformity corresponds with the boundary between members 3 397 and 4 of the Zongpu Formation, documenting an abrupt environmental change from open-marine 398 environments below to restricted or lagoonal inner-ramp environments above. The prominent 399 negative excursion in δ 13 C at the base of member 4 is seen in both whole-rock carbonate and 400 organic carbon records, and can correlated using larger-benthic-foraminifera biostratigraphy with 401 the carbon isotope excursion defining the PETM. The strong 
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